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RECTIFYING SYSTEMS FOR AFRIAL PROTOGRAPH

SECTION 1 - INTRODUCTION

)

In this report the problems of image rectification are outlined and a

number of systems are detailed.

Based on these discussions an approach is

outlined which will provide an immediate solution to the rectification pro-

blem for the Perkin-Elmer Model 501 Panoramic Camera and a plan is submitted

which will lead to a more general solution to the rectification problem,
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SECTION 2 - GENERAL

Aerial fhotographic techniques are in constant use by the military to
obtain intelligence and data for map-making purposes. Since these photo-~
3ruphs are taken from an aitb§rne vehicle yhich does not provide a stable
platform for the cameras, interpretation and accurate distance measurements

'are extremely difficuit requiring complex procedures and processes.

The geometric differences betwesen a vertical aerial photograph and é
map can be mathematically taken into a?count 80 as to prqduc.’éccurate data.
The task becomes cohside:ably more difficult with photographs in which the
camera axis has bee§ tilted aﬁay from the fQue vertical. The procedurg by
which an aerial photogfaph having tilt 1is converted into one with no tilt
is termed “roctificatioﬁ”. True rectification brelervea the characteris-
»tié that a fhotograpﬁ is a simple ccn;ral point perspective projection and‘
thus permits the employment of precioton photogrammetric -apptﬁg ptlctic.!;

Nenrly all aerlul photograpbs whtch hnve been taken vith conventional
and panoranic typc aerlal cnnerac hnvc the camera axts tiltod ouny tron
true vcrtical. The roll and pttch ot the citcraft on & pbotosxaphic nige .
sion {s nainly relponeiblc for tilted photographic data. Ino the case of

oblique photographn, the optical axi: of the canara has bcen doliberntcly

;ttltod_avny from verticll. The rcctification problem in both these in-

stances is essentially the same, differing only in the magnitude of cor-
rection to be made. |

A map {s defined is an orthozanil vievw in whicﬁ every incremental
detail is shown as though it is vieved from vertically l‘ove. With this
definition in mind we can further establish différoucco between a true map

presentation and a vertical photograph or a rectified tilted photograph.
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Since aerial photographs are perspactives, variations in elevation appear as
dtspllcen@nts in a true datum plane. The major contributing factors to this
form of mapping error are the actual variations in elevation of the earth's
terrain and the aarth'a.curvatu:e. The latter factor becomes very signifi-
cant in photographs taken‘at high altitudes with wide field angle camera
systems, Vertical and rectified photographs readily lend themselves to au-
tomatic correction for earth's curvature, thle the effects due to the ter-
rain's variations in elevation could only be partially corrected by the use
of complex mathematical computer. To achieve automation in thc‘correcting
Process, it will be necessary to have elevation data from previous surveys
or te luton&tically compute the elevation correction factors from the per-
spective canpouanta of the aerial photographs.

Although it is desirable to pctforn all the, correctiona with one device,
tho scope o! the task dictates a 1esl ambitious program. An oqually satise
factory npprcach is one in vwhich the device is cppable of performing the prine

objcctivu of rectification with proviaions fot the addttion of teftnementc 1n

the cortcction procesn deforred for the future. Tho lattor ai#reach is recon- :

ncndcd-here. The problem of rcctttying tilted photographl being the fir.t

task to be followed at a later date with nodificationo to include correcting

fot earth'o curvature and variationa 1n terrain elevation tn that order. -

3 Ihc rectification nchcnca in use today canoy either optical, graphic, -
or‘lnnlytical procedures. The laétég two methods althodgh‘accurate are

todtouq point by‘point analysis even ;1th the aid of mechanical and electrostic

. computing devices. Opticil methods permit rapid gnd accurate rectification of

phbtographo vith small tilt angles. However, precision rectification of high
obliques by optical means requires large éonplei equipment and elaborate proe

cedures which perform the rectification in parts or stages. To insure that
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geometric properties are accurately praserved with an‘optical rectifying sys-
tem, it is necessary to know the focal length of the canhrl,:tho focal lenéth'
of the rectifytng lens system, the tilt angle and'the ratio of scale change
desired. Although the procedures and equipments used in opfical rectification
oylt;na appear to be complex, they do permit rapid and accurate rectification
of tilted aerial photographs. To gain greater flexibility electronic recti;_
fiers have been proposed. 1In general the use of electroqtcc for rectification
purposes should pernit greater flexibility in correc:iné aerial photographs.
.fo; more factors and with greater limits. Theqe gains will probably be pur-
chaucd at the expense of a loss 1a.résolution, longei procoa;tng time and an
increl.e 1u oquipnent conplnxtty An ldditional advantagd 0! an electronic
or opto-aloctrtcal rectifier uould be in the control of grcy scale 80 as to
enhaneo dntail in bright and dark areas of the otiginal aertal photosxupha.

‘n

Be!ore engaging in a dincualtnn ot varinus tectiftc;tton schenes, some

fundanontala rolattonlhipl nnst be ectcblichcd ubtch vill 111ustrntc the ffigﬂ‘»Jg T

dif!crcncoa botwacn a convontional typc of aerill photogxaphic can.ra and
a pcuotcnic type camera. It 15 thcse faetoro vhieh couplieate the rectifto'

catton proceao. o

A photograph taken with the conventton51 aeria; camera held truly vorti# .
 '¢qI over flat torrniu'fdr small fiild anjles5vould 3£vi map ponitibns direétl}.

Here the distance of a point from the nadir on the photograph to that on the

terrain is related by the ratio of focal length to altitude of camera. It is
also interesting to note that the heading from the nadir to a point is exact.

The radial distance from the nadir to thﬁ point need enly be corrected for

earth's curvature.
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Conventional nerial-#honogr:ﬁhles cameras used today are deet:ned for
diegonal tield coverage of from 20 to 90 degreee, vhile panorantc ceueree
are designed to photosraph strips 40 to 43 degrees 1n width in the dtrectiou
of line of flight and up to 180 degrees at right angles or transverse to the |
line of flight. Conventional cameras employ a shutter and th’ stationary
lens eysten, while panoranic cameras acanning operation is performed by a
. moving optical element, moving slit, moving film or a combination of these
.funetione. ite scan is performed at a constant angular rate transverse to
the line of flight. .The relationship'of the scale ratio given for conven=
tional photographic canevas does not hold for the penoramic except for’pointe’
1n a llne which passes through the nadir point and in the direction of line
of tllght. The geometric relatiemship which expresses the seale factor is

given by

d H sin ¢+tano<

uhere d' = dtetance frem nadir to point ou photozraph

d . _ﬁ( ¢+ tan o )Cosq)

d - diotauee tron nadir to point on, terrein

ﬂ = scan angle traneveree !ron optical axis ‘

X - oblique angle !rou the traneveree scan exie to the point
(see risurerl)

The di!terencee between the eeuventieanl type end panerante aeriel ea-erae -

" clearly indieate that the rectt!icetton procedure would be qutte different’ Ln

aeach case. _ » . '
The geometric analysis ol.photoaraphe is based en the premise that the

area photegraphed lies in e'plene tangent to the sphere at the nadir'boiut and

that all points on the surface of the sphere appear in the plane as a perspec~

tive projection with the fenter at the lens nodal point. rtguree 1 and 2 |

illustrate the mathematical relationships under level flight conditions for

the conventional and panoramic cameras respectively.
ENGINEERING REPORT NO. 5218 PAGE
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For‘ the conventional type aerial camera we note that ghe components of a
point from the nadir transverse to the line of flight (Re) io related to the
eorrespbnding component on the negative (Rcp) b;r the ratio of H/f where H is
the altitude of the camera and f is the focal lﬂngth of the taking lens. The
components Rp nnd_lﬂn; parallel to flight axis a're related by the same ratio
H/f, ‘

For the panoramic type éf camera the relationship for cross and.patailel
componaents differs considcfably from the conventional case since the film
platén 1is effectively cylindrical and the transverse scanning prism has a cone
stant msul;t' rate. Here the datum plane conp&_nont from the nadir to the
scanning line 1s related to the cross-component on the nontivc ﬁmctriéaii&

by ' -R—"a T -i— ( 9 ) whefe“ﬂ is thc scan angle citpreuhd in ‘radiau'a','

and the componants in direction phuuol to flight une are given by
© Rep. £ . .
C OS '
Rp ’ H ¢

In aunury we note that for tho conventionll cmra the tunsveru and

parallol ca-ponente are related by the ai.nple utto of tocal lcngth to alcto -

tude, vhile for the panormic type cneu the t/a ratio is -odtﬂed by & truo- L

nometric funcctona.b These rclattenuhtpo wust be further ‘expanded to mclnde R

roll and pitch to utablish cuplato co-puter uquirmn. Appltcablc utho- .

. matical derivations are meludcd vith spcciﬂc ayctus deseribad i1 the lppcndix.{if
‘n\o linplificd rolationshipa dwdoped here illustrate the diffcrencu bctv«n

conventional and panoramic cameras.

" The e!fect. of roll and pitch s illustrated in a simplified wmanner in
F:ligure IIX. Here 4 scan slit which is parallel to the atrcraft heading is
projected onto the datua plane and its deviation from the lprojected ground
path of the aircraft is o-tabnehed'as a function of trangverse scan anglc',.

roll and pitch. 1t {s found to be

L

DR R
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5 = tan-'<s’m p [tan(¢+'f)]>
where s « Scan line deviation angle from normal
p = pitch anglg
r = roll angle
d =.transverse scan angle
For example s equals approximately 7° for a pitch angle of 4° and a scan
Plus roll angle of 60°. Clearly indicating the need for considering éven small
angles of roll and pitch. 1In addition, Figure III graphically i{llustrates that
a line scanning rectification system requires that either the read-out or
recording device be capable of rapid positioning in tw6 demensions.
In the following section a number of rectification systems will be des~
cribed and compared. Technical details of these recttfication system§ and the

panoramic camera will be described in the appendix.
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SECTION 3 - TECHNICAL DISCUSSION

We havae estabiished some fundamental mathematical relationships which
uust be preserved in all the rectification schemes to be considered. SeQeral
systems by which rectification can be achieved will be described and evaluated.
These will be followed by a method in which the rectified photogxaph can be
further corrected for earth's curva:ﬁre.

IRhetflictmﬂiQ schemes can be subdivided into thiee categories: In the
ftréfngfoupfhu‘could include devices which ﬁould rect;fy the entire photograph
in one oper;tion. Optical'syatems fall 1ut6 this category. In the second
group we would find sehemes which employ a point-by-point analysis. Here the
picture elennncs ara tina-eoded and then re-poaicionod by computation to totn

the rectif&ed photographs; flying spot scanners employ these techniques. The"

third group would include schendg thac are combinations of the first two 3roup-,f'ﬁi B

being dovised of features frow each ' 3roup in a manner to pernlt saticfactory
l

photographie tectification with 8 comptomioe 1n the best featurcs of the tuo
Schenoe in the flrot catognty vhich rectify photozrapha in th.t: onttrety,

have theoe characteriatica. The rectttication progess is completed 1u a :oll~

. tively short time interval, They are capable of good tesolutlon and tbe recci-

fication can be ghecked- prior to printing the rdsult. tlcxibtlity in usage il
limited by scale change desired, field size, correction 1inits and type of
photographic equipmont. A

| Point-by-point automatic plof:ing techniques can be designed to be very
exact and versatile at thé expense of éouputer complexity. 1In these devices
the scanning spot size 1s established by min{mum rosblutign-requtremcnta. The

original photograph is then ncanned, processed through a computer and the

ENGINEERING REPORT NO. 5218 PAGE 11
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rectified photograph is printed on a point-by-point sequence basis. Schemes

falling {uto this category would employ optical, mechanical, and electronic

.proéednres. These devices can be very versatile, permitting rectification over

wide limits, scale chayge, and be independent of the original optical photogra-
phic system. This flexigility 18, however, attained at the expense of complexity
and rate of processing time. With careful planning the design of thia type of
equipmcnt can be dons in stsges. The scanﬁing and -printing ayétems must first
be destgncd and developed with the required degrees of freedom. The computer
which schematically appears between the scanner aid printer can be developed to
perform oneptunction‘with additional operationa.added'at a later date,

In'the third group would be included schemes which apply techniques between

thé two extremes of point by point plotting and corrections on an entirety basis.

In thin catcgpry would be 1nc1uded devices which would apeed up the point by

potnt plotttng tcchnique and sinpltfy the geometric conputattnna. Point by potnt :

plottlag can be speeded up by qeanning in incremonts or sections. By not ex-
ceeding the pcrnisslbla erroiAthe aaﬁe'corrcction can be applied to seﬁetal ad-
jaccnt elcnents thus pcrniting the scanning of the area at a faster rate then

posctblc vith {ndividual picture elamnnts. In addltion, optical mcchanical

techniqnes applied in the ocanning and printing processes can pcrforn scale

audlar aponctric conputattons thns simplifying the conputcr. Enployucut of

. these tecbniques will result in equipmcnts which will perforn the tectlficatton

process with additional compromiaes 1n accuracy and flexibility, in a shorter

time than the point by peint nethods but slower ;han with optical processes.
In th..tollowink sections various schemes will be bricfiy.described znd

compared.' Design details and analyses for some pf these are to be found in

thé appendix.
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A, thtcal Rectifiar System

Since a number of accurate and reliable optical rectifiers are available
for conventional type of aerial cameras, the techniques employed in these
systéns will not be described hare. iﬂowevef, rectifiers for panpramic type
cameras such as the Perkin-Elmer Model 501 are not available and therefore are
included in this analyai;.

The Panoramic Opticgl Rectifier has been designed to rectify data directly
from 70mm negatives containing data recorded with a panoramic camera having §
3-inch objective focal length. The magnification {s 1 to 1 at the center of
the picture. The device is capable of rectifying images fn a field angle of {“
41f parallel to_tﬁe line of flight, and 60° transverﬁe to the line of flight k
on either side pf the vertical. With this device it is possible to correct for
‘all angles of roll and angles in pitch of $10°.

Figure No. IV {illustrates in pimplified form the mechanism in an optical
rectifying system for panoramic type c;mhra data. The optical systeh éonlicts
of an iris which is located at the 120° lens assembly, an 6bject£ve lens, a
slit with field flattener lens, a light source and collecting lens unit. A
cylindriéal film plataﬁ is ued to position the negative at th; proper 6pt1ca1
position. The light source, slit, field flattener and objecﬁiva lens are |

-mounted on an arm which pivots about the optical center of the 120° lens

-
assembly., Movement of this assembly in an arc permits exposure of the negative to

the illuminated slit at a S;efdetermined rate. The illuminat;d slit image is
then projected into the film plane through the 120° lens resulting in a rectified
photograph.

Corrections for roll and pitch are in quadrature about the 120° lens geo-

metrical center. To compensate for these the 120° lens and the ;rinting plane

are rotated as a unit about the geometric center of the 120° lens assembly.

.
.
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Although this optical fectifier'is suitable for use with the model 501
panoramic camera it can not be used with conventional type aerial cameras unless
extensively modified. It does, however, provide a compact, simple unit to per-
form accurate and rapid rcctification of panoramic photographic data.

ZIB. Image Converter Type oftRectifier

An ihteraating rectification scheme is auggested by the image converter
tubes which are used in SnopvﬁrlCOPQQ; . Th;ee devices are used to convert
oi)tical images in the near infrared to the visible. Resolution in the order"'o!'
30 linesﬂhm has been achieved with these tubes. For use here the convertar
tubes would have to be slightly modified The conversion would be fron a visc .{

ible image to 8 visidble rectified image requiring a changein photo cathode

material. The rectification could be achieved by the insertion of electro- |

static plates or an electromagnetic field 8o as to, permit ahaping of the eiece,ﬁ'j

tronic inagc in accordance with the rectification requirenent.

In ouunary, the tcoolution of theae deviccs is quite good Design of' |

magnetic field assembly to perforn the required rectificatiou conputation a 'ectn

feasible. Data processing would be quite rapid andgaccurate. Howevcr, devicei,

in existence tod;y have sensitive areas in the ordcr of Z-inches in diamcter,

thua tequiring further development to find application here.k ‘
R . . . »
. G " Scan Convuttcr Type L

Flying spot,scanning tachniquea suggests a number of feasible achcnes..? 
A typkcal system is sharn schematically in Figure V. A cathode ray tube, v
with 2 photograph mocnted en its tace, can be uuedlto scan in a fixed pattern,
A ghcto tube is used to receive the energy from the'light beam which has bcec:
coded in intensity by the photo data. These signcla to gether with electrqh?_
beam = position data would then be fed through a rcctificatiocvcomputer andffcc

constructed on another CRT tube for recerding. The simple device describcagﬁ;
i.:;i '
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is limited in photographic area that can be scanned as Q;ll as resolution.
Phosphors limit the latter to 5 to 10 lines per nillimatar;

Other variations of this general scheme aye possible. Combinations of
opto-mechanical, electronic and storage device can be utilized to improve
re‘olution and‘incroase tﬁa area of photograph which can be scanned., A pgint
source and a glow modulator tube for readiﬁg and writing applications in opto-
machanical systems can be designed to obtain resolutidhi in the order of ;0
lines/mm. The procodufc here would be alnil;t to the flying spot scanner
technique. The photograph would be scanned in' a regular pattern vith a high
resolution spot. The data stored so as to pernit readou: and reproduction

with rectified sweeps. In small areas storage devices are currently being .- '

. d§Vanped which will peinit storage of 40 elcmautpiper lineal millimeter. -

However the gray scale of these units is limited to 4 or 5 tones.
" Intercontinental Electronics Corporations raagr.to television scan con-

vdrfor smploys a cinglc tube vith a Eonftguratioﬁjihich hight be undful hdfhi:‘f;,

The INTEC TMA4O3X video tranofornattcn tube embodies in one unit a vriting..'jﬁ
3un, a-collector or otorage untt and a rcading 3un. With thiu unit 1t il
poaltblc to writc data at one rate and readout aLmultnneonsly at anether. :}s
appliad to our r.cti!ication problem, the photographtc data could be written -
lnto the storage facility on a one to one basis and read out with' sweep scann'
which have bean computed to obtain the desired roctifted 1-ago. This unit is
capabln of 16 lines/mm in rololutlon and a gray scale vhteh vould permit pr.-
.cntations of profc.oi;nal tclcvinton quality; that 13, a tono scale of ten to
tyelve. However, this tube has a storage area of only two inches in diameter.
Enfloynnnt of devices such as the video transformation tube would permit ac-

curate, rapid rectification with flexibiliﬁy_limitod only by:the complexity of

the computer. Large area tubes with better resolution are technologically
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- . feasible. Howaver, thay are not available toda& and would fequire further
development to merit consideration for this problem.
o ~ 8ubsection D. Opto-Electromechanical Rectification Systems
A .typical opto-electromechanical system which essentially performs a point
by point'plot is {llustrated in Figure VI. In general these schemes include
three major components. These are: two scanning systems, one for reading and
one for writing; and a computor which correlates ihe functions of each scanner.
The readout scanner consists of a moveable film plaﬁinn on which fho nega-
tive data to be rectified is positionaed, a high.intaﬁlity.point light source
{f which is optically imaged on the negative»and a photo-electric deyice vhich.
measures the intensity of the light permitted to pass through the negative.
L. o The writing scanner consists of a movable film platen: on which the nega-
S tive to receive the rectified image is positionad and a 11ght source assembly
whicﬁ transmits the photogfaphic vt#?o 1nfornatioﬂ to the negative; :Thc‘v;dio
p? o%gngl from the readout unit nodul;fél a light qqﬁrce such as a Sy}vania Glow
Modulator tube (thess tubes are uséd-tn £ac01m11§ytran¢nilaion equipment).
ot o Tgcy are capable of podulntion ratéinin the ordar‘of 1 milliéﬁhcycléa pﬁt
o - a@cdnd with a reasonable gray scale. The optical lystcn focusca tha modulatcd
potnt source onto the ne;ntive natcriul. o ﬂ:’f 'i_; o o %%_E%ﬁ i
[% '+ The couputer receives known polition data, per!orm& the requlrad roctifi- |
cation conputationa and {ssues poaition commands for the ochor scanner. In
{H: our case. tp 31np11fy exposure control, the writing scanner is dcstgncd to, plot
[ at a untfor- ratc,. The computer tuceivos pocition information from the scanning
head and:movable film platen, gnd on the basis of a rectiftcatipn computation,
cqunands are issued to the readout scanning head and film platen:. Servo
mechanism techniques are cmployé& in the computet to achieve the desired ac-

curacy. The cqppucer can be designed to be extremely flexible permitting use
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with convcntioﬁal and panoramic photographic data as well as independence from
scale factor and tﬁking~in.lensvaptics.Additional,technical;conaiderationu are
described in greater detail in thé appendix. |
The basic system described here lends itself to modifications: which would
improve operation of the rectifier. Por an example, if in place of the photo-
tube video circuitry an optical tranﬁfer system was ugsed it would be possible
to transform several picture elements simultaneously and thus speed up th§ op-
eration. It would also be possible on these systems to introduce 1ntehsity£
control circuitry which would enhance details in dark:ana bright areas of the
original photographs ., |
In summary the Opto-elcctroqnechanical schemes described here are ltnited
in flexibility and veruattlity only by the procens time requirement and conpu-
t&r‘édﬂpl.xity. The scanning rates are limited by the ucrvoummchanisn .yltdn |
to about 10 lines per second. Hovover, syltem rololution Ln the order of 40
111neo/lm is very oalily obtainable with a satisfactory grey lcale.

Subncction E. Correction for Earth's Curvature
?

If desired, corroction for earth's curvature can be added to the- computer
o£ the schemes described abova. Howevcr. a unique device can be dastgncd to
=pcr!orm this correction by itself, The design in»bascd onthe fact that the

heading to any point from the nadir point on a rectified photograph is accu-.

 ﬁ¥3i§1y shown. The correetion is simply a radial factor being a function of

the distance from the nadir to that point, eartha curvature and altitude of

-;g?jj; PR
taking camera, 7V

Optical scanning devices have been designed and built which employ wedges
t& deviate an energy beam. In these schemes two wedges rotate in the same
direction about the same optical ax@a. When the wedges are in phase, the
deviation of the beam is at a maximum and squal to the sum of deviation of
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the two wedges. When the two wedges are opposing, the deviation is equal to
‘the difference or equal to szero for two identical wedges. The energy beam {s
thus coincident with the optical axis of the system.

If the two wedges are made to rotate in the same direction at a slightly
different rate, thcx can be made to generate a spiral having a pitch equal to
one picture elemanﬁ. In our case this would be at the rate of forty lines per
millimeter, ” | |

The two acanning devices in the :ystcn would be very nourly the same., The
procedure hare would be to have a high intennity point source imaged onto the
data negative and deviated in a spiral by two Optical vedges rotating in the
same dtrgctiqu at cl;ghtly different speeds. Thn light {is nodqlatad by the
f1lm density and collected by a phototube. After suitable anpliftéation, it
wduld control the intensity of a gloﬁ modulator tube. The intenuity nodﬁlated
crqterxofvthts tube is then imaged bnﬁo a négativi.: Its position being estab-
1ished by-anéthqr ié; of wedgea. The éw; scanners are synch:o;tzcd.N The
neaaﬁr&d deviation éf one scanner wohld be nultiplitd by earth'c 6urvaturd"5'
corroction factor to obtain the proper deviation for the occond scanner.N[

A optrcl lcannins device, luch as dascribed here, could be vcry rapid
‘apd accqrate. However. it is limited to potforning only tho function of cot- N
rection 6! earth's curvature on rectified phocographic.data. ,Unlcca thare 11
a great need for a davic§ aﬁch as this, it is ;ore desirable to include thio.
correction, within the computer dire;tly even at thn.expenqo of an increase iﬁ

system complexity.
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SECTION 4 - PROPOSED APPROACK
The ideal rectifier must be ascurate, scapable of rapid data procecping,
and versatile so as to permit rectification of eonventional and panoramie data
with broad limits in foll and piteh., The r¥ct1!icntiou computations which must
be perfor-edvrapidly are 1hdeed complex, in themselves predicting a difficult
design problem. A number of possible designs, which could be used to perform

the indicated rectification operationn, have been desecribed briefly im the body

of this proposal and further detailed in the appendix. Rven in the simplest
forms these are considerably more eonplex than optical restification systems in
use today. This is further iiluotracad by the simple, accurate and compast op-

tical design submitted here for panoramie data rectification.

In view of this it is recommended that the rectification problem be divided

 into two phases. Since there is an urgent meed for an agcurate and rapid rec-

tifier for pamoramic data obtaimed with the Perkin-Elmer Model 501 Camera, it is

recommended that the optical sjotiu deseribed here be comstrusted to saticfy thip
need. On & longer term basis it is proposed that Perkin-Elmer be allowed to

undertake a‘décign program to arrive at & more universal deviee performing the

- reatification problem eleéttoniellly.

The division of the rectification proble- into two phases will pofnit proper

evaluation of all parlnetorc‘in an electronic reetifier without handieapping the

immediate nesd for rectification of data taken with pamoramic type cameras. At

. this time omly a design Rhase is 1ndi§nted. Electroric reetification schemes

described here as well as others will be evaluated in detail. The techuidal

evaluation will comsider flexibility, ease of operation, aceuracy, amd total

processing time. Based on the findings a single system will be selictcd and
recoumended. The selected system will be described in detail. Included will be

layout drawings, block diagrams, as well as the operational specifications. A

report summarizing this effort will then form a proposal to econstruet and de-

velop & prototype unit..
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SECTION 3 - CONCLUSION

The Paerkin-Elmer Corporation is well'qualifiod to perform the required
effort in the proposed two-phase program. Its unique optical CApabilifies
and complete technical knowledge in the fields of .panoramic cameras and pho-
cograppy assures a successful solution to the immediate need for an optiégl
panoramic data rectififer. Similarly, Perkin-Eléer'a experience with opto-
electréupcchanical devices, in both the cemmercial and military fields, pre-
‘dicté the successful execution of fhe sécond)phase for a practical electronic

rectif;et deaign.
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APPENDIX

1. Description of Perkin-Elmer Model 501 Panoramic Camera

2. Description of an Optical Panoramic Data Rectifier

3. Description of Resolver Applications in Opto-Electro Mechanical Systems
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PERKIN-ELMER MODEL 501 PANORAMIC CAMERA
. SECTION I

GENERAL DESCRIPTION

1. PURPOSE AND BASIC PRINCIPLES

The Mark 1A Tracking Camara, a modification of the Mark I Tracking Camera,
is a lightweight panoramic camera designed to provide photographs of a 180°
P field.

The Mark 1A {s an automatic sequencing camera which contains sufficient -

™ film to provide photographic coverage of a complete migsion. It may ba set EE

f: for either adjacent or stereo overlapping pictures. It is a shutter-less '
' scanning camera in which the motion of a continuously rotating glass prism {s

. synchronized with the motion of the film during each cycle. The aperture is

P controlled by a programmed slit, exposures being made while the film is moving

over the slit. For the Mark 1A, scan time is set at 1/2 second. Detailed

principles are given in Section II, Theory of Operation.

I 2. GENERAL PHYSICAL DESCRIPTION

Normal operating controls are mounted on a recessed control panel located
in the top of the camera. Extending from the bottom of the camara is a hyper=-
hemispherical glass dome within which {s located the rotating priem.

The camera sprockets, film reels and film guides are mounted on the frame
in one compartment and are accessible upon removal of the rear cover.

' The cameras’ drive mechanisms and electrical alicmblica are mounted on
the opposite side of the frame in the front compartment. Protruding through
sealed qpenings in this cover is the power input receptacle.

: The seiled construction of the camera nintmiloi the effect of hﬁnidity
— ; within the camera. Hose connections are provided for pumping and dry gas
" flushing of the interior of the dome before placing the camera in operation.

ik ‘desiecator and breather tube assembly are mounted on the rear cover.
It is used to keep the humidity low during pressure equalization while the
i camera is in use. Also, metal radiation shields are mounted in the dome to
E_‘ localize condensation on 'the unused portion of the interior surface.

o
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'ELECTRO-MECHANICAL

Exposure Control . . . . . .. Slit width automatically adjustable by
: means of programmed cam,

Exposure Intervalometer . . . Self-contained intervalometer providing
exposure intervals from 2 seconds to
64 seconds. A manual trip switch is
also provided

Allowed Overlap. . . . . . .. In transverse panoramic aerial appnca-
T : tions, the intervalometer range can pro-
- vide for various ratios of altitude/speed, :
- between 11 feet per knot and 360 feet per ..o
' knot.

" Scan Time e e C e e 1/2 second tor 180° scan. Speed-regu-" o
: ~ lating governor. - Film metering occurs -4 -
between scans only. . L4

SPECIAL FEATURES = . | ‘ ‘* :
‘ = ' ’ , _Camera attitude recorded on each ex- .
. posure at instant of ‘Bcanning nadir. Time
. of completion of each scan recorded on.
- +..each exposure. Remote signal ci rcuit
e synchronized with Ume recorder '

Can Safety shut-off in event of ﬁlm breakage
" .. or other malfunction. ° Provision for .
. 'remote starting and stopping by’control .

" of power. Fall gafe control clrcuit design
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_absorbing fxlm of varymg thickness 'esigned to’ equal'izeéthe illuminatlo

i the prlsm rotates’ continuously *The’ intermittent film motion ig started

Sechon II

THEORY or OPERATION

" 1. GENERAL SYSTEM OPERATION

: Scanmng principles of the Ma rk T rackmg Came ra are lllustra—
ted in Figure 1. Successive sweeping images 8f a 180° field are pmjec-
ted through a focal plane slit by a continuously ‘rotating prism, fixed.
objective lens and diagonal mirror, A glass dome of high optical quality
protects the system. The scanning head prism {s a double dove assembly
with a slight wedge between doves to correct twinmng due to the lens '
power of the dome ' ~ > . S -

_ . The lens is of a. type known as the Orthometar of 3- inch effectlve
' focal length, relative aperture f/8,
- .any film and has a flat field and .low distortion

d ] Focus is ﬁxed at mfxmty
takmg into consldc ratxon the power of the dome ' "

A dlagonal mxrror located close to the image 1s used to correct
e m:rror is coated with & partiall

‘the image reverted by the prig:

at gelected iritervals. and at an. angle durlng prism rotation’ when ‘the line

. of sight starts the scan. Since'the .prism can be used in one’ direction
. only, the choice of exposure intervals is limited 10 whole - multiples of
c.prism-turn intervals. :
“controlled to provideé exact synchronizatldn of the unage and ﬁlm veioci-
ties, : SOl ~

.
e .
¢

e

The xntervalometer is an electro mechanical deyice for generating
etectrical pulses of a constant time duration and accurate time interval.
It is used to establish the interval between exposures.

»
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Figur. 1 -Scar‘ining Dir_eciion and Limlts '
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The brightness of the image is controlled by an adjustable focal plane
slit. A knowledge of film speed, filter factor and scan time is required to
‘obtain proper exposure. These factors are combined as a sensitivity factor
vhich is established by means of the controls designated APERTURE RANGE-
AUTOMATIC and APERTUBE RANGE-MANUAL.

s The APERTURE RANGE-AUTOMATIC control has a range of exposure factors of
2°. The position which most closely approximates the calculated valus is
used during operation. The selection of the correct range is necessary to
control the degrees of rotation of the follow-up drive mechanism for a given
change in {llumination.

Within the selected range, the photocell and transistor circuit provide
a current proportional to the overall scene brightness. . This current .is
balanced by the output of the follow-up potentiometer which automatically
controls the setting of the aperture for correct exposure.

In APERTURE RANGE-MANUAL operation, the manual control simulates the
output of the photocell and transistor circuit.

In aerial survey applications, compensation for image wotion 18 achieved
by the harmonic axial displacement of the f£ilm transport sprocket and focal
plane rollers. The displacement velocity is at a maximun when the line of
sight is vertical and varies inversely to the slant altitude during scan.

- The image motion compensation mechanism is essentially a lever, a stylus
and a circular wedge which {s adjustable externally by means of a dial on the
front cover. Rotation of the dial sets the displacement amplitude by posi-
tioning the stylus on the slant surface of tha wedge. When the wadge is ro-
tated {t imparts harmonic motion to the lever. The selected dioplaccncnt is
baacd on values of the spocd-nltttudo ratio and tho time of scan.';ff_, :

o Tho totnat of each exposure is illustrated 1n Fi(uto ) % P Tho imnsa of a
bubble superimposed on a reference grid is projected on the woving film by a =~
revolving mirror and fixed lens in the vertical 1nd1cator as the scan reaches
nadir. Since the grid image bas a fixed offset position from the loéation o!,
the camera nadir axis, a corraction can be obtained from the position of the

bubble relative to the grid to deternine the location of the gravitional nndit
on. each cxpoaure. ' .

' Tho lens of a time 1ndicator focuses an image of a watch face on the film
plane.  As each scan is completed and the film is temporarily stationary, the
image of the watch face is exposed. Brightness of the exposure lamp is rh.o-
stat controlled. , .
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OPTICAL, PANORAMIC DATA RECTIFIER

PURPOSE
To rectify in single stage, 60° each side of vertical, 70mm negatives

taken with the tracking camera.

- TECHNICAL SPECIFICATIONS

Objective focal length - 3" lens used for original negatives.
Rectification - 60° each side of vertical.
Magnification - 1 to 1 at center of picture, _{“

Illumination - Sufficient for focusing and capable of manual control for
printing.

Pilm and spool - 70mm perforated and unperforated film, fornaﬁ 2.47% x
9.425"; wound on standard 10-1/2" diameter flangs.

DESCRIPTION T

Th. recttfter is to be daoignod so that the original n.gative panoranic
ftlm is wound across a cylindrical backtns curlacé vhtch is trunlpnrent. thru
which condenser 111un1natton ie providdd The rcnaindor of the syltcm conliltlAff
oi a slit thru vhich the 1naso is focused, the f1e1d flattnnor lens, the taking ;i
lona. the .poctal 120° field lens and an iris. Ths tri- is built tnto th. !told k
lonc and will range from flll to 1/16. The 120° £icld lcnn shall be uountod 1n
a ltattona:y cell rigidly attachad to the prtnt plan. and approxinatply 68nn :
from {t. :' | |

 The print plan;, and 120° field lens nountod on stnbalu for tilt, and

adjustable both in roll and pitch. ‘There will be scales for thno. adjustncnto.'
The tilt adjustment is required and is used when panoramic sweep has been cakan

fore or aft of the vcrtical transverse plane.
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" Pigure number one shows the optical schematic. The marcury source, the
collector lens, the slit, the ftoid flattener, and the taking lens will be
mounted in a common cell, pivoted sbout the geometric center of the 120° field
lens. This common cell shall be cast integral with a 150° sector which s
mounted on ball bearings and constrained by an.uppcr guiding roller.

To properly nAintain exposure, it is hec.noary to drive the lans assembly
via a cosine fourth motion. Tbis is accompliahad by nounting another 150°
sector on a stationary bracket, the periphery constituting a cam and having
on its lace a drive groove. This sector, pivoted in thé same manner ;nd on
the same plane, is driven by a drtve notor diroctly ooupled to the laver and
clamped to the stationary bracket. The groove is designed so that the propor
velocity is reached before the exposure takas place. Concutrcntly a tape
drive pulls the lens sector thru tts cycle.

The film platon, which can accomodats either porforatcd or unperforaccd
film, is mounted to an adaptor vhtch il the crosc-aru of & parallclogtan. one :

potnt of which 1s attach.d to thn lonn sector, Thc lcnor ptvotc cf thn par-f

nlloloarcn arn fnotoned to otructure. As the lona acctot gooo thru 1&. c:.'},,.  ﬂ,?

cnroion the film and platou move thru an are th‘ radins of vhich 13 aquali
tha distance from the center of th. 120° fiold lcn' to thn centet of .the

taking lanc. At all ttneo the optictl azis 13

t.d dircctly at thc cen; g
of the 120° lens, thru the sltt. |
The use of a tape driée and a sliding §am‘aii;inatcs th§ ponsibility:of‘
any backlash which 18 inhevent in a gear cyctam, thus reducing the pooslbility
of banding. Vibration will be raduced to a minimun by making the baaa and
stationary housing of cast iren and mounting the entire system with optical

bench rigidity. See Figure: Il.:-1 7.7,
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RESOLVER APPLICATIONS IN OPTO-ELECTRO-MECHANICAL SYSTEMS

The process of'rccttficatioh is a geometric conﬁuuatton which transforms
co-ordinates of a point in one system to that of another. A point by point
rectification system would employ the use of :qag&g&ra to perform the requirad
co-ordinate transformation. In the following seﬁél;n ve will briefly describe
the geometric relationships in a co-ordinéte transformation and the.gae of
resolvers to perform the computation.

COORDINATE TRANSFORMATIONS . o _ . ’

When the aircraft pitches and ;olla théro'ta no longer a simple relattén-
"ship between ; point on the ground aid a position on tﬁe fi{lm, To illustrat"
let us go through a series of coordinate cransfbgmgttons. The final transfor-

mation vili present the position of the point Q on the film after the aircraft

has gone through the motions of pitch and roll.

In level flight th. conponcntl of a point Q would be given by Be and Rp. ;f

The transvcrna dioplaccuant fton the nadir being given by Rc and Rp da-otcn

che displaceuant parallel to the 1lne of lligbt. For this condition the croll "

and parallcl componenta are the same for the earth. and airéraf: co-ordinaie ij
system sinca they are diaplaced by altitude alone. Undat condition: of roll
and pitch the two co-ordinate lystema are not only’ diuplaced by altttud. but
ro;atcd with respect to each othag. ,' | |

| The aircraft axis system is defincd by a line thru the tncaiase‘bcing |
perpendicular to a line parallel to the wings and a line perpendicular to both
the fuselage and wing axis. In thil system roll is about the fusciagé axis and

pitch is about the wing axis.
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Figure I illustrates the co-ordinate transformation for'pi.tch alone.
The co-ordinates of the point Q are given by
| Rp'-Rpcosp-ﬂsinﬁ
' = Hcos p £ Rp sin p
Rc remains constant sinee pitch is a co-ordinate transformation about the
wing axis so that conponentt; on this axis are not altered.

Figure II illustrates the changes in the coofdinates of the Point Q in
the Aircraft Coordinates System when the aircraft rolls about the fuselage
axis after an 1n£§ia1 pitch, 4

The transformed quantities H" ax.\d.Ré' afe:

H" = H' Cos r-R. six; r= (Hcosp{Rysinp) Cosr - Re sin r
Re' = R, Cos r # H' sinruﬁcCoar} (HCosp/Rpainp) Sin r
'!'he RP co-ordmate is not altered by this transformation -and remains
"'RP RPcOsp-Hsinp | .

The relationship between the panoramic data lcqinponentb and :he gro\md
components is found to be | o

R e ttar |

Combining these e‘q@tims yteld‘b‘ the ccuputatiﬁn which nﬁat be made by
a point by point rectification system. ‘l‘be_'h't_ rela_tionahz.ps are

Rc;‘- £9=£ tan-1 Re'/H" | |

Rep = £ tan~l R, Cos r / (H Cos p 4 Ry Sin p) Sin r
(HCosp/R,Sinp) Cosr - R, 8in r

Rpp = £ Ry"' = £ (RpCos p - H Sin p)
. B (ﬂColp}Rpsmp)Coer-Rcsmr
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RESOLVER SOLUTION TO THE COORDINATE TRANSFORMATION PROBLEM
| A rololvcr.to an olcctrcnasnotic device having two mutually pofpcndicular
l;ator and rotor nindinga. A flux vector will roeult dapending on the ampli-
tude and phase of the two input currents. The rotor voltages are proportiq?al
to the magnitude of the flux vector and to the sine or cosine of the angle of
rotation of the rotor windings with respect to tha !iux vnctor. The output
. voltagel may be oxpreaoed in terms of the input voltaaea und rotor angular '
positions by thn following expressions:
Roy = E) Cos @ - E2 sin @
Eog = Ej C;l 9'/ Ey sin 0 | |
The expressions for the outputs §f the'resolverAaro'of thn;shha fofi'il
thqs§ 1n'thg}equationl darived in the cﬁotdinute trnnsfotﬁation. dug to roll |
and pitch. nﬁsdlveri can then be used to perform ;haﬂtndléifad geometric
computatton. ‘ ‘ B 4
!Vu curvod filn holderl are ernnzod to provido -ovcnnnt in thn dtrccciou
ch and Re" r-opactivcly. An optical lcunning nystcn ccnns thn filnl tho ‘
npp and R," dlmunsion. The curvcd ttln holdorn provide s conatnnt focal’longth

and & linear tnlatioushtp botween Rp and €. See Figuro VI 1n tcxt..

’ .
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